Background: Pathological conditions that occur in the brain as the result of brain tissue damage may cause changes in brain function. The severity level of brain tissue damage being the description of head injury. Therefore, this requires initial assessment to predict the impairment of head injury patients by using GAP. Purpose: This study aims to understand the accuracy of GAP in predicting impairment head injury patients. Method: This study used analytical observational design with retrospective approach. Total respondents in this study were 245 patients with medical records of head injury. Measurements were conducted by using observation sheet. Data were analyzed using Receiver Operating Characteristic (ROC). Results: The results showed that AUC values of GAP were 0.806 which explained that GAP had good value of discrimination against impairment of head injury patients. Conclusion: GAP could predict the outcome of head injury patients.
INTRODUCTION
Head injury is pathological condition that occurs in the brain as the result of brain tissue damage and cause changes in brain function (Urden, Stacy & Lough, 2014; Walker et al., 2014) . The severity level of brain tissue damage being the description of head injury that occurred (Kochanek & Clark, 2016) .
Head injury is becoming one of major problems in the world. Noble (2010) stated that the occurrence of head injury reached up to 1.4 million people annually with fatality rate reaching 30 in the first 72 hours (Noble, 2010) . Valente & Fisher (2011) reported the occurrence of head injury in United States being 7 million per year with fatality rate of 22-25/100,000 people, or about 52,000 adults who died, 275,000 people are in intensive care in hospital and 1,365 did not receive intensive care in hospitals (out of the ER). Center for Disease Control and Prevention also stated that the occurrence of death from head injury in United States reached 138 people per day in which the leading causes of death are due to traffic accidents (CDC, 2015) .
In Indonesia, the occurrence of head injury is related with high traffic accident. CBS in 2017 conducted survey related to the incidence of traffic accidents in 2017 that reached 98,419 people and 26% of death and the victims who suffered severe injuries reached 16% (BPS, 2017) . The high traffic accident led to cases of high trauma such as head injury. The number of cases of head injury that occurred were about 47.4% of the total of 95,906 traffic accident scene with a high fatality rate (Djaja et al., 2016) .
The high head injury has high fatality rate, where the greater the damage, it will increase the risk of impairment and death in patients with head injury (Salama, Maray & Hamed, 2015) . Therefore, fast management is required with accurate and quality care by medical staff in overcoming the condition of head injury. The management along with the provision of fast, accurate and quality care depends heavily on the initial assessment carried out by medical staff (Damkliang et al., 2014; Wells & Hutchinson, 2018) . The good or accurate initial assessment can help to predict patient outcome in the future. Thus, it can guide medical staff to provide further management. The initial assessment that can be used to predict patient outcomes is the use trauma scoring (Rapsang & Shyam, 2015) .
Trauma scoring is a tool that is used for a preliminary assessment in predicting the outcome of patients in the future. One of trauma scoring that can be used to predict the patient's condition is GAP (Glasgow Coma Scale, Age and Systolic Blood Pressure). GAP is a scoring system that uses the body's physiological components in predicting patient outcome (Kondo et al., 2011) . GAP is a modification of the MGAP (Mechanism, Glasgow coma scale, Age, and Arterial Pressure). But its mechanism could not predict well the patient's condition because it provides higher valuation on the mechanism of injury compared with blunt injury mechanism (Kondo et al., 2011; Sartorius et al., 2010) . GAP consisted of three components, they are GCS (Glasgow Coma Scale), age and systolic blood pressure (Kondo et al., 2011) . GAP has become a trauma scoring that can be used to predict the patient's death. Research conducted by Hasler et al., (2014) stated that GAP predicted mortality of trauma patients compared with MGAP (Hasler et al., 2014) . This research was also supported by Kondo et al. (2011) which stated that the GAP is better in predicting mortality of trauma in patients compared with RTS, T-RTS and MGAP (Kondo et al., 2011) .
Preliminary studies carried out by researcher in General Hospital of Dr. Slamet Martodirdjo, showed increase occurrence of head injury during 2017-2018. In 2017 head injury patients reached 281 people and in 2018 the head injury patients reached 352 people. This explained there was 25% increment in the number of head injury patients among these years. The major cause of head injury is traffic accident. Interviews conducted on nurses stated that they have not implemented the scoring trauma to predict the patient's condition. Based on the above background, the researchers were interested to use GAP in predicting impairment of head injury patients.
METHODOLOGY
This study used analytical observational design with retrospective approach. Total respondents in this study was 245 taken from medical records of head injury patients through purposive sampling method in General Hospital of Dr. Slamet Martodirdjo Pamekasan from th th 19 February 2019 to 5 March 2019. The inclusion criteria in this study were based on the availability of complete medical record data on head injury patients including glasgow coma scale (GCS), age, systolic blood pressure and respiration rate and the medical record data of patients who suffered head injuries. The respondents were aged between 18-65 years. The exclusion criteria depended on the type of medical record available regarding head injury patients transferred to other hospitals, medical record data of head injury patients who leave the IGD on their own request, medical record of head injury of patients under the influence of alcohol and medical record data of head injury patients who have serious burns. The research instrument used was observation sheet. GAP assessment using comparative method of ROC in determining AUC, the cut-off point, the sensitivity and specificity of GAP. Based on Table 1 it could be seen that the highest GAP score was 24 and the lowest GAP score was value was 14, with mean value of 18:58. The oldest respondent was aged 65 years old and the youngest was 25 years old with mean value of 49.29 years old.
RESULTS

Univariate
The maximum systolic blood pressure patient was 134 mmHg and the minimum were 68 mmHg with mean value of 97.68 mmHg. The maximum GCS score of patients was 15 and the minimum was 7 with mean value of 12:31. The maximum respiration rate patient was 36x/min and the minimum were 7x/min with mean value of 22.04x/min. Table 2 showed that the majority respondents did not experience impairment among total respondents of 160 people (65.3%). The most dominant GAP category showed that there was low risk (≥19) with total of 141 respondents (57.6%). The most dominant respondents' gender was male with total of 190 respondents (77.6%). The category of head injury dominated by mild head injuries with total of 138 respondents (56.3%). The most dominant cause of head injury occurred due to traffic accidents with total of 172 respondents (70.2%).
ROC Analysis
Source: Primary Data (2019) Figure 1 : ROC curve of GAP Figure 1 illustrated the ROC curve of GAP as impairment predictor of head injury. Based on the curve, AUC obtained was above the midpoint of the curve. The ROC curve of GAP was described in Table 3 below. Table 3 showed that the GAP had a value of p=0.000 which explained that GAP could be a strong predictor related to impairment in patients with head injury. Based on Table 4 obtained cut off point value of GAP scores was 18.5 with a sensitivity of 0.72 and specificity of 0.73. The sensitivity of 0.72 indicated clinically GAP may generate positive value depicting the impairment of head injury with percentage of 72%. Specificity value of 0.73 indicated clinically GAP ability in producing negative value or no impairment of head injury with percentage of 73%.
DISCUSSION
The results of this study indicated that GAP was good predictor of impairment of head injury patients in the ER of General Hospital of Dr. Slamet Martodirdjo Pamekasan with AUC values of GAP being 0.806. These results indicated the cutoff point was at value of 18.5 with 0.72 sensitivity values that described the positive value or the impairment of head injury with percentage of 72% and specificity of 0.73 which explained the negative value or absence of impairment of head injury with percentage of 73%. GAP cut points was divided into two categories: <19 (high risk) and ≥19 (low risk). GAP that had value of <19 experiencing impairment compared to GAP that had value of ≥19.
Respondents in this study who experience impairment could be detected through the change in GCS, systolic blood pressure and age of the patient. The third component was component of GAP. Patients who experienced impairment showed a GCS score of 8 which explained many respondents who experience impairment with severe head injury. Impairment of patients was characterized by a decrease in systolic blood pressure where the systolic blood pressure was <90 mmHg showing impairment of head injury, other than that of respondents who experienced impairment dominant at the age of> 40 years.
The result was consistent with research conducted by Roy et al., (2016) and Ahun et al., (2014) which stated that the GAP could predict outcomes such as exacerbations and mortality in trauma patients with head injury. GAP scored physiological trauma system introduced by Kondo et al., in 2011 based on modified score MGAP (Mechanism, Glasgow Coma Scale, Age and Systolic Blood Pressure) developed by Sartorius et al., in 2010. MGAP is the best and latest scoring systems for predicting in-hospital mortality for trauma patients. However, its procedure is doubtful because it gives higher scores for penetrating trauma, which is not always more severe than blunt trauma. Moreover, the mechanism score based on penetrating trauma generally affects fewer than 10% of all of trauma patients. Since MGAP being slightly difficult to use in the clinical setting, the MGAP was modified to new Glasgow Coma Scale, Age, and Systolic Blood Pressure (GAP) scoring system (Sartorius et al., 2010; Shoko et al., 2010) .
GAP score consists of three components: GCS, age and systolic blood pressure. GCS is a physiological scoring system that was first introduced by Teasdale & Jennet (1974) , that was used to evaluate the level of consciousness of the patient, the patient's clinical status and became a benchmark tool in patients with head injury (Kung et al., 2011; Salim, 2015; Teasdale & Jennett, 1974) .
GCS could be used to measure the neurological disorder and it was generally used to describe the level of head injury. GCS had an important function in estimating the risk of impairment of the patient's death at the beginning of the injury. GCS should be carried out at the beginning of the examination in patients with head injury before getting paralytic drug therapy and intubation. Level of consciousness indicated the chances of life and healing in patients with head trauma. The lower score of GCS would increase the risk of impairment and death in such patients (Okasha, Fayed & Saleh, 2014) .
Research conducted by Lingsma et al., (2014) showed that head injury patients with initial GCS score of >11 showed good outcome within 24 hours with a percentage of 82% and poor outcome with the percentage of 18%. This poor outcome could gradually be decreased if the initial GCS examination results were low. In patients with head injury with initial GCS score of 3-4 in the first 24 hours after the trauma of only 7% who had good outcome and in case of death as much as 87%. Assessment outcome in head injury patients with GCS score <8 within 3-6 months also had poor outcome or had disability.
The age components in GAP is one impairment predictor until the death of patient. Age was one of component of GAP score that could predict impairment leading to mortality due to head injury among patient. Research conducted by Laytin et al., (2017) stated that among 540 people who experienced impairment till death were 18.746 people, found 25% of patients were above 40 years of age (Laytin et al., 2015) .
According Dhandapani et al., (2012) , age is a factor that affected the outcome of the patient both physiologically and psychologically. Head injury could occur at the age of >40 years and <40 years old. Patients who experienced severe head injury, had major longterm risks related to neurological problems. In patients with mild head injury with the age of >40 years would undergo functional impairment of the body in the first six months compared to patient with age of <40 years. Age effected outcome in patients with head injuries related to impaired neuro function as a result of an injury that would impair the patient's clinical condition. Moreover, at an older age, there was a decrease in bodily functions so that when an injury occurred, the body would experience a greater impact.
Another component of the GAP causing impairment and predictor death in patients with head injury was systolic blood pressure. Blood pressure was one of the parameters that could predict hemodynamic impairment and death in patients with head injury. Blood pressure was the pressure exerted by the blood against the wall of the blood vessel depending on the volume of blood in the blood vessels and distensibility of the blood vessel wall. Blood pressure consisted of systolic and diastolic blood pressure. Systolic blood pressure was the maximum pressure generated by the arteries when blood flows into the blood vessels with average value of 120 mmHg. Diastolic blood pressure was a minimal pressure in the arteries when blood flows out into smaller vessels with an average value of 80 mmHg (Sherwood, 2016) .
Systolic blood pressure <90 mmHg was related to impairment rate and death after 90 days of trauma and obtaining longer ICU treatment. Systolic blood pressure should be maintained between 90-110 mmHg so that the auto regulation function remains normal. This auto regulation function was important to prevent secondary head trauma, especially ischemic neuronal damage (Irawan et al., 2010) . Based on the above, it could be concluded that GAP with GCS components, age and systolic blood pressure could predict impairment of head injury patients.
CONCLUSION
GAP could predict impairment of head injury patients. GAP with three components assessment (GCS components, age and systolic blood pressure) could make it easier for the medical staff in hospitals to carry out initial assessments of patients at risk of impairment. For further research should is necessary with more samples for the development of more prospective methods.
